segment genotypes of SSH/LAC/SSH and SSH/LAC/LAC were obtained. In this study it has been found that the reciprocal cross (SSH group II x LAC group I ts mutants) has not yielded the expected LAC/SSH/SSH or LAC/SSH/LAC reassortant viruses. The backcross of a SSH/LAC/SSH group II ts mutant with a LAC group I ts mutant has produced a new reassortant virus, LAC/LAC/SSH, whereas the backcross of SSH/LAC/LAC group I ts mutants with SSH group II ts mutants gave another reassortant, SSH/SSH/LAC. Backcross analyses of LAC/LAC/SSH group I ts mutants with group II ts mutants of SSH have not yielded the expected LAC/SSH/SSH reassortant virus, nor have backcrosses of SSH/SSH/LAC group II ts mutants with group I ts mutants of LAC virus yielded the expected LAC/SSH/LAC reassortant. Possible reasons why certain reassortant viruses are not produced are discussed. A procedure to screen SSH-LAC reassortant viruses which differ in their virion N polypeptides is described.
Molecular studies have established that the Bunyaviridae family of arthropod-borne viruses characteristically have a genome consisting of three unique species of RNA (4, 7, 11, 20, (22) (23) (24) designated large (L), medium (M), and small (S). Using closely related viruses, we have initiated a study of the heterologous genetic recombination potential of bunyaviruses with the object of subsequently studying distantly related viruses to define the genetic capabilities of members of Bunyaviridae.
Heterologous virus genetic recombination experiments with certain temperature-sensitive (ts), conditional lethal mutants of snowshoe hare (SSH) and La Crosse (LAC) viruses have shown that wild-type SSH-LAC reassortant viruses can be forned with the L/M/S genotypes of SSH/ LAC/SSH and SSH/LAC/LAC (9, 12) . Serological studies have suggested that SSH and LAC viruses can be considered as varieties of the LAC subtype of California encephalitis (CE) serotype virus (2, 6, 13, 16, 18, 27, 28) . Serological studies also indicate that other subtypes of CE are Tahyna (varieties: Tahyna and Lumbo, Inkoo, San Angelo, and CE viruses (1, 2, 5, 6, 13, 17, 18, (25) (26) (27) (28) . Together with the serotypes Trivittatus and Melao-the latter having the subtypes Melao, Serra do Navio, Keystone, and Jamestown Canyon (varieties: Jamestown Canyon and Jerry Slough viruses)-the three serotypes are considered as a complex of viruses (CE complex) within the CE serogroup (2, 3, 8, 14, 15, 18, 25, 26, 27) .
The demonstration that particular ts mutants of SSH and LAC viruses can produce reassortant viruses raises the question of whether all forms of SSH-LAC reassortants can be generated. Viruses. The origins of prototype SSH and LAC and the derivation of their spontaneous or 5-fluorouracil-induced ts mutants have been described elsewhere (2, 6, 10, 11, 12, 16, 28 (9, 12) . The recombination percentages were calculated as described by Gentsch and associates (9, 12) .
Virus purification. The procedures used to obtain 32P-labeled virus have been described (7, 11, (19) (20) (21) .
Purification of labeled viral RNA species, RNase Ti digestion of RNA, and separation of oligonucleotides by two-dimensional gel electrophoresis. The procedures used for extraction and purification of 32P-labeled bunyavirus individual L, M, and S RNA species have been described (8a). RNase TI digestion of viral RNA and the resolution of the products by two-dimensional polyacrylamide gel electrophoresis, as well as the procedures used to obtain an autoradiographic fingerprint, have also been described (7) . 31, 1979 not recombine with any of these mutants. To determine whether ts 31 was a multiple mutant representing group I and II defects or even a triple mutant with group I, II, and III defects, a backcross of ts 31 with wild-type SSH virus was undertaken at 330C (5 PFU per cell for each virus), and the progeny were screened for ts mutants. Of 32 progeny clones examined, 13 were found to be ts (40%), and the rest had wildtype virus efficiency of plating values. Recombination analyses with representative SSH group I mutants (ts I-1, ts I-3) and group II mutants (ts II-2, ts II-18) established that 2 of the 13 ts mutants did not recombine with either the SSH group I or group II mutants (i.e., like ts 31). Nine of the remaining mutants recombined with the group I mutants, and the other two recombined only with the group II mutants; none of these 11 mutants recombined with both the SSH group I and group II mutants. The high frequency of group I and group II progeny mutants recovered from the SSH ts 31 and wildtype virus cross indicated that SSH ts 31 is a double (group I/II) ts mutant.
RESULTS
Screening new SSH ts mutant virus stocks with either the group I/II double ts mutant or representative group I and group II ts mutants,
has not yet yielded any viruses which can be considered as group III mutants. To date 65 SSH ts mutants have been analyzed and categorized into either group I (31 mutants), group II (24 mutants), group I/I1 (1 mutant), or possible multiple mutants (9 mutants).
Analyses ofwild-type SSH and LAC coinfections for recombinant SSH-LAC viruses. In view of the absence of detectable recombination between SSH group II and LAC group I ts mutants and considering the possibility that the lack of recombination may be the result of trivial causes (e.g., defective viruses inhibiting productive infections), the progeny from a coinfection involving wild-type SSH and LAC viruses were cloned, virus stocks were produced, and their L, M, and S oligonucleotide fingerprints were obtained. From eight plaque-cloned virus stocks analyzed by this procedure, fingerprint analyses indicated that three had the genotype LAC/LAC/LAC (Fig. 1B ) and three were SSH/SSH/SSH (Fig. 1A Table 2 ). Out of seven ts mutants isolated, one was assigned to one group, and six were assigned to a second group.
Backcrosses of the mutants SSH/LAC/SSH ts 9 and ts 13, with SSH and LAC ts mutants (SSH I-3, SSH II-21, LAC I-16, and LAC II-2) were undertaken with the results shown in Table  3 . Because the SSH/LAC/SSH ts 9 mutant only recombined with LAC and SSH group II mutants, it was categorized as an SSH/LAC/SSH group I mutant ( a Recombination percentages were determined as described previously (9, 12) . Values of less than 1% were scored as 0. Assignments: Group I, ts 6, ts 7, ts 8, ts 9, ts 10; group II, ts 1, ts 2, ts 3, ts 4; unassigned, ts 5. a Recombination percentages were determined as described previously (9, 12 Fig. 1D ).
Plaque-cloned, wild-type progeny from the cross SSH II x SSH/LAC/LAC I as well as wild-type SSH and SSH/LAC/LAC viruses were similarly screened for their ability to induce viral polypeptides (Fig. 3) and a cloned, wildtype, putative recombinant selected which induced the in vivo synthesis of LAC N polypeptide (clone F, Fig. 3 ). When this putative recombinant was fingerprinted, it was found to be a new reassortant virus with the genotype SSH/SSH/LAC (Fig. 4) The results of the crosses involving LAC/ LAC/SSH group I and II ts mutants with those of SSH and LAC viruses shown in Table 7 indicate that whereas both group I and II mutants of LAC/LAC/SSH recombined with LAC II and I ts mutants, respectively, only the group II ts mutants of LAC/LAC/SSH recombined with any group I ts mutants of SSH virus. The reciprocal cross (LAC/LAC/SSH I x SSH II) did not yield the expected LAC/SSH/SSH recombinant virus genotype.
Backeross analyses of SSH/SSH/LAC ts mutants with SSH and LAC ts mutants. ts mutants ofwild-type SSH/SSH/LAC virus were derived, categorized into groups by reciprocal recombination tests (Table 8) , and backcrossed with SSH and LAC ts mutants to obtain the compatible group assignments (Table 9) .
As discussed previously, on the assumption that group I mutants of LAC, SSH, and SSH/ SSH/LAC viruses have defective M RNA species whereas their group II mutants have defective L RNA species, the following predictions give rise to the recombinants SSH/LAC/LAC and SSH/SSH/LAC. Table 9 .
As seen in The selection procedure that we have adopted to screen the progeny of dual-mutant virus infections for wild-type recombinants has involved selecting genotypically stable, cytolytic viruses.
If certain recombinant viruses, for one reason or another, are noncytolytic or have a substantially decreased ability to mature and give infectious extracellular virus (e.g., 100-fold), then their presence would have been overlooked. Alternative procedures to detect noninfectious or noncytopathic recombinant viruses will have to be used to determine whether recombinant viruses are generated which, because of their genotype and functional capabilities, have eluded our screening procedures. In addition, as an alternate approach to the study of SSH-LAC genetic incompatibilities, heterologous in vitro template-transcriptase analyses and in vivo phenotypic mixing and genetic complementation experiments could be studied.
The recombinant viruses generated from certain SSH and LAC dual virus infections raise the question of the heterologous recombination potential between other CE serotype viruses (i.e., CE, LAC, SSH, Inkoo, Tahyna, San Angelo, and Lumbo). This question is of interest in view of the limited geographic distribution of these viruses. Four of the CE viruses (CE, LAC, San Angelo, SSH) have only been isolated in the North American continent (2, 6, 13, 15, 16, 27, 28) . Of these four viruses, SSH virus appears by both isolation and serological studies to be widely distributed throughout Alaska and Canada, and sympatric with LAC in the northern states of the United States (16) . LAC has been isolated primarily from the upper midwest and northeastern States of the United States, although several isolates have been reported from other parts of the country (27) . By contrast CE virus has only been isolated from California (2, 13 
